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A comparison of total laparoscopic and open
repair of abdominal aortic aneurysms
Frédéric Cochennec, MD, Isabelle Javerliat, MD, Isabelle Di Centa, MD, Olivier Goëau-Brissonnière, MD, and
Marc Coggia, MD, Boulognes-Billancourt, Hauts-De-Seines, France
Objective: The feasibility of total laparoscopic abdominal aortic aneurysm (AAA) repair has been well established. In a
previous case-control study, we showed that the postoperative courses of total laparoscopic and open AAA repairs were
similar. The purpose of this study was to compare the long-term results of these techniques in the same cohort of patients.
Methods: Thirty patients with AAAs treated by total laparoscopic repair between July 2003 and December 2004 (group I)
were matched in a case-control fashion by morphology and American Society of Anesthesiologists class with 30 patients
who underwent open AAA repair between April 1997 and May 2004 (group II). Patients who survived the intervention
were followed up during 5 years. Follow-up consisted of physical examination and duplex ultrasonography at 1 month
and yearly thereafter. Group I patients had an additional control computed tomography scan within the first 3 months
postoperatively.
Results: Five-year cumulative survival rates were similar (group I: 83% 7% vs group II: 79% 7%; log-rank test, P .69).
No late aneurysm-related death occurred during the follow-up period. Incisional hernias were more likely to occur in
group II patients (group I: 0% vs group II: 15.4%; P  .047). Incidence of postoperative sexual dysfunction was similar
in both groups (group I: 22.2% vs group II: 25.0%; P  not significant [NS]). No late reintervention was recorded in
group I, whereas 2 patients in group II had incisional hernia repair. At 5 years, no graft sepsis or anastomotic
pseudoaneurysm was reported.
Conclusions: This study suggests that total laparoscopic AAA repair provides good long-term results, comparable to those
of open repair in terms of aneurysm-related mortality and morbidity. It may reduce the incidence of laparotomy-related
complications. ( J Vasc Surg 2012;55:1549-53.)
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repair has been proven to be feasible and safe once the
initial learning curve is overcome.1,2 In a previous case-
control study, we showed that total laparoscopic and open
AAA repairs were associated with similar in-hospital mor-
tality and complication rates.3 Laparoscopy reduced lapa-
rotomy-related adverse events, especially pain and ileus.
After these encouraging results, we wanted to compare
long-term results of laparoscopic and open AAA repairs.
Multicenter prospective randomized studies are not yet
available because few surgical teams have the required level
of expertise in laparoscopic aortic surgery to start such
studies.
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he 5-year results of total laparoscopic vs open AAA repair.
ETHODS
Patient selection has been described previously.3
riefly, between February 2002 and December 2004, 52
atients underwent a total laparoscopic AAA repair. In
rder to reduce the impact of the learning curve, we only
eviewed the last 30 patients of this series who were con-
ecutively operated on between July 2003 and December
004. This laparoscopic group (group I) was matched in a
ase-control fashion by AAA morphology and American
ociety of Anesthesiologists (ASA) class with 30 patients
ho underwent conventional AAA repair between April
997 and May 2004 (group II). Vascular sutures and
neurysmorrhaphy in the laparoscopic group were per-
ormed by a senior surgeon (M.C.)
Clinical exclusion criteria for total laparoscopic and
pen aortic repair were ASA V patients, patients with recent
yocardial infarction, unstable angina, coronary artery dis-
ase with severe coronary lesions unsuitable for interven-
ion, tight aortic valve stenosis, uncontrolled congestive
eart failure with left ventricular ejection fraction 40%
nd severe arrhythmias, patients with renal insufficiency
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with liver cirrhosis. Unlike open aortic surgery, severe
chronic obstructive pulmonary disease was not considered
as an absolute contraindication for laparoscopy. Morbidly
obese patients were also not excluded. The following
constituted a contraindication for total laparoscopic aor-
tic repair: retroperitoneal fibrosis, suspicion of aortic
infection, heavy and circumferential calcifications pre-
cluding safe aortic cross-clamping, and severe and diffuse
renal/visceral occlusive lesions not amenable to endo-
vascular intervention.
Patients underwent a total laparoscopic AAA repair
according to a technique we have previously described.1
Four different aortic approaches were used: transperitoneal
retro-renal (TPRR),4 transperitoneal retrocolic, retroperi-
toneoscopic,5 and transperitoneal direct.6 We currently
prefer using the TPRR approach, which provides optimal
coverage of the prosthesis. Early in our experience and
where the TPRR approach was not feasible due to peris-
plenic adhesions or the presence of a retro-aortic left renal
vein, we opted for the transperitoneal retrocolic approach.
The transperitoneal direct and retroperitoneoscopic ap-
proaches were preferred in rare cases of previous left ne-
phrectomy or a hostile abdomen, respectively. In Group II
patients, AAA repair was achieved according to techniques
commonly used in basic vascular surgery. For AAA expo-
sure, we used transperitoneal (n  16) and extraperitoneal
approaches (n  14). The choice between these two ap-
proaches was left at the discretion of the surgeon. For
aorto-iliac aneurysms involving the right iliac bifurcation, a
transperitoneal approach was preferred. In both groups, we
used polyester grafts. All patients were placed in the inten-
sive care unit immediately after the procedure and taken
back to their room as soon as hemodynamic, respiratory,
and biological parameters were normalized.
In group I, preoperative and follow-up data were col-
lected prospectively. In group II, they were collected ret-
rospectively. Clinical and anatomical data of group I and II
are detailed in Table I.
Follow-up consisted of physical examination and du-
plex ultrasonography of the graft and adjacent vessels at 1
month postoperatively and yearly thereafter. In addition,
group I patients were submitted to a computed tomogra-
phy (CT) scan examination within the first 3 months post-
operatively. Complications were classified and graded ac-
cording to the reporting standards of the Ad Hoc
Committee for Standardized Reporting Practices in Vascu-
lar Surgery/International Society for Cardiovascular Sur-
gery.7,8 Three classes of complications (systemic, local-
nonvascular, and local-vascular) and three grades of severity
(mild, moderate, and severe) were used. During follow-up,
great care was taken to detect incisional hernia at clinical
examination. Incisional hernia was defined as any abdomi-
nal wound dehiscence with or without symptoms at the
midline, lobotomy, or trocar site, treated medically or
surgically. To assess postoperative sexual function, all men
were stratified into three groups: no change, decrease in the
ability to consistently obtain or keep an erection, and Tostoperative occurrence of retrograde ejaculation. When
exual function was not specifically reported in patient
harts, this complication was retrospectively looked for by
elephone interview at the time the present study was
arried out (ie, at least 5 years after the operation).
Reinterventions were defined as any open or endovas-
ular procedures performed to treat complications, and to
mprove or restore patency of the graft.
Statistical analysis. Proportions and categorical data
ere compared using the Fischer exact test. Continuous
ata were compared using the Mann-Whitney test. Five-
ear survivals were compared using the log-rank test. All
ests were two-sided, and statistical significance was indi-
ated by P  .05.
ESULTS
Short-term results have been reported in the initial
ase-control study3 (Table II). Long-term results are sum-
arized in Table III. One group I patient and two group II
atients were lost to follow-up before the end of the study.
able I. Clinical and anatomical data of patients with
AAs treated laparoscopically (group I) and by open
epair (group II)
Group I
(laparoscopic) Group II (open) P value
ge 73.5 (46-85) 73 (49-85) NS
ody mass index 25.9 (20-33) 26 (19-31) NS
ex ratio M:F 14:1 4:1 .05
SA class
ASA 2 13 12 NS
ASA 3 17 17 NS
ASA 4 0 1 NS
VEF (%) 60 (52-75) 60 (42-81) NS
EV1 2.71 (1.2-3.8) 2.41 (1.2-3.9) NS
reatinine (mol/L) 96 (44-172) 108 (58-558) NS
ypertension (%) 57 60 NS
obacco use (%) 77 80 NS
iabetes mellitus (%) 13 10 NS
yperlipidemia (%) 57 57 NS
ssociated AIOD (%) 10 10 NS
revious abdominal
operation (%) 10 13 NS
AA morphology
Diameter, mm 53.9 (43-97) 51.5 (37-100) NS
Proximal neck
length, mm
28 (0-55) 19 (0-42) NS
Aorto-aortic
aneurysm (%) 67 64 NS
Aorto-iliac
aneurysm (%)
33 37 NS
ype of bypass
Tube graft 13 13 NS
Bifurcated graft 17 17 NS
MA reimplantation 0 2 NS
AA, Abdominal aortic aneurysm; AIOD, aorto-iliac occlusive disease;
SA, American Society of Anesthesiologists; FEV1, forced expiratory vol-
me in 1 second; IMA, inferior mesenteric artery; LVEF, left ventricular
jection fraction; NS, not significant.
ontinuous data are given as median (range).hey were alive without complication at 30, 24, and 2
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Volume 55, Number 6 Cochennec et al 1551months, respectively. Cumulative survival rates at 3 years
and 5 years were 83% and 83%, respectively, in group I and
89% and 79% in group II, respectively (log-rank test, P 
.69; Fig). During this follow-up period, four patients in
group I and four patients in group II died. Death was
related to a total hip arthroplasty infection (n  1),
stroke (n  1), myocardial infarction (n  1), and
Alzheimer disease (n  1) in group I and myocardial
Table II. Early outcomes after total laparoscopic (group I)
and open (group II) AAA repairs
Group I n (%) Group II n (%) P value
30-day mortality 1 (3.3)a 2 (6.7)b NS
Systemic nonlethal
severe
complications
Overall 1 (3.3) 4 (13.3) NS
Cardiac 1 (3.3) 4 (13.3) NS
Pulmonary 0 (0) 0 (0) NS
Renal 0 (0) 0 (0) NS
Local complications 0 (0) 0 (0) NS
Vascular complications 3 (10) 1 (3.3) NS
AAA, Abdominal aortic aneurysm; NS, not significant.
aOne lethal colonic ischemia.
bOne lethal colonic ischemia and one lethal pneumonia.
Table III. Results of total laparoscopic (group I) and
open (group II) AAA repairs at 5 years
Group I,
n  28a
Group II,
n  26b
P
value
Incisional hernia, n (%) 0 4 (15.4) .047
Sexual dysfunction, n (%) 2/9 (22.2)a 2/8c (25.0) NS
Late reintervention, n (%) 0 2 (7.7) NS
AAA, Abdominal aortic aneurysm; NS, not significant.
aOne early postoperative deaths and one patient lost to follow-up.
bTwo early postoperative deaths and two patients lost to follow-up.
cNine patients in group I and eight patients in group II still had sexual
activity at the time of surgery.
p=0.69
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Fig. Survival curves after total laparoscopic (group I) and open
(group II) abdominal aortic aneurysm (AAA) repair.infarction (n  2) or cancer (n  2) in group II. All the gther patients completed a 5-year follow-up. There was
o AAA-related death during follow-up.
Five years after the operation, no graft thrombosis,
raft infection, or graft-enteric fistula was recorded. Of
articular interest, there was no para-anastomotic aneurysm
r pseudoaneurysm at the level of laparoscopic vascular
nastomosis.
There was no difference between the two groups in
erms of postoperative sexual dysfunction. Nine patients in
roup I and eight patients in group II still had sexual
ctivity at the time of surgery. Two patients in group I had
revious prostatic resection with permanent retrograde
jaculation. New onset of postoperative sexual dysfunctions
ccurred in two patients in group I (two retrograde ejacu-
ations) and two patients in group II (one erectile dysfunc-
ion and one retrograde ejaculation). In group I, 1 case
esolved completely after 2 years.
No patient in group I presented with wound incisional
ernia at the trocar site, whereas incisional hernias occurred
n 4 patients in group II (P  .047).
There was no late reoperation in group I. In group II,
wo patients received reoperations for incisional hernias.
ISCUSSION
Despite its retrospective design, a limited number of
atients and selection bias related to the fact that data were
ollected prospectively in the laparoscopic group and ret-
ospectively in the open group, our results suggest that
otal laparoscopic and open AAA repair provide comparable
ong-term results in terms of overall mortality, aneurysm-
elated death, and reintervention rates.
The initial step of this case control study1 showed that
otal laparoscopic and open AAA repairs were associated
ith similar short-term outcomes, but patients operated on
aparoscopically had reduced duration of ileus, shorter re-
urn to normal diet, shorter return to ambulation, and
educed postoperative doses of narcotics. In the endovas-
ular era, these advantages and cosmetic considerations are
arginal as three randomized studies have demonstrated
hat endovascular aneurysm repair (EVAR) was associated
ith better short-term outcomes when compared to open
epair.9-11 The authors feel that the merits of laparoscopic
ortic surgery are more expected in the long term. Four
andomized studies showed that in the long term, EVAR
nd open repair were associated with similar results in terms
f mortality or aneurysm-related mortality. However,
VAR was associated with increased rates of graft-related
omplications and reinterventions.10,12-14 The long-term
esults of open repair are perfectible as abdominal wall
rauma is still an issue, with subsequent laparotomy-related
omplications occurring in up to 25% of cases.15 The main
mpact of laparoscopy is the ability to perform direct aortic
epair but with limited wall trauma. Whether total laparo-
copic AAA repair could significantly reduce the incidence
f laparotomy-related complications remains to be demon-
trated. The ability of laparoscopic surgery to reduce the
ncidence of incisional hernia after gastrointestinal and
ynecological procedures has not been clearly demon-
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June 20121552 Cochennec et alstrated.16,17 However, one could expect this advantage to
be more significant when dealing with AAAs. First, patients
with AAAs are known to have extracellular matrix defects
and are prone to hernia formation.18 In a recent systematic
review, Takagi et al19 found that patients with AAAs had a
2.8-fold higher risk of incisional hernias than patients with
aorto-iliac occlusive disease. Second, in contrast with colo-
rectal laparoscopic resections which require extraction sites,
laparoscopic AAA repair necessitates only 10 mm trocar
sites, which are less at risk for incisional hernias.20 In the
present study, the incidence of incisional hernias was signif-
icantly reduced in the laparoscopic group as compared with
the open group.
In our study, sexual dysfunction occurred in around 25%
of patients in both groups. These rates appear low compared
with previous series, reporting up to 70%of sexual dysfunction
after aortic surgery.21,22 In the Dutch Randomized Endovas-
cular Aneurysm Management (DREAM) trial,22 the sexual
dysfunction rate increased from 66% preoperatively to 79% 3
weeks after open repair. This difference can be explained by
several biases inherent to our study, leading to an underesti-
mation of postoperative sexual dysfunction rates. In the
DREAM trial, sexual function was assessed prospectively,
using a questionnaire that included five different aspects (in-
terest, pleasure, engagement, orgasm, and erection). In our
series, evaluation of sexual dysfunction only focused on erec-
tile dysfunction or retrograde ejaculation after AAA repair. In
group II, data were collected retrospectively, which could
underestimate the occurrence of this complication. Consid-
ering these limits, we cannot draw a firm conclusion on the
benefit of laparoscopic AAA repair on sexual function com-
pared to open repair. In any case, judging from the results
of robotic prostatectomy,23 and considering the ability of
the endoscope to magnify presacral nerves, laparoscopy
may be advantageous in terms of postoperative sexual func-
tion, but this remains to be proven.
Interestingly, no prosthetic infection or graft-enteric
fistulas occurred in this study. These findings validate that
adequate covering of the prosthetic graft is obtained with
laparoscopic aortic exposure. CT scans performed within
the first 3 months and annual duplex scans did not identify
anastomotic pseudoaneurysm, suggesting the reliability of
laparoscopic aortic anastomoses at 5 years.
In the present study, a systemic CT scan was performed
within the first 3 months in order to detect asymptomatic
vascular, ureteral, and other local nonvascular complica-
tions. Thereafter, we considered a duplex scan performed in
good conditions by a competent physician as accurate
enough to detect false aneurysms. This strategy enabled a
reduction of radiations and contrast administration but
reflects a potential bias as a CT scan remains the gold
standard for false aneurysm detection.
Ideally, prospective randomized studies with subgroup
analysis comparing total laparoscopic AAA repair with open
and endovascular repairs should be performed in order to
determine the exact role of laparoscopy. Such studies are
not yet possible because only a few centers have the re-
quired level of expertise in laparoscopic aortic surgery.ndeed, this technique remains challenging and implies a
ong learning curve. A previous study has demonstrated
hat 25 to 30 procedures were necessary to achieve a
avorable level of expertise for occlusive lesions.24 This
earning curve is even longer for laparoscopic AAA repair.
he need for continuous training in laparoscopic suturing,
rior experience with laparoscopic aorto-iliac occlusive dis-
ase reconstructions, and optimal patient selection during
he learning curve period (obese patients and heavily calci-
ed vessels should be avoided) are additional limiting fac-
ors for the development of laparoscopic AAA repair.
In conclusion, this study suggests that total laparo-
copic repair is as durable as open AAA repair. At 5 years,
aparoscopic and open AAA repairs provided similar results
n terms of all-cause mortality and aneurysm-related mor-
ality. Laparoscopy reduces wall trauma and might decrease
he incidence of laparotomy-related complications. At the
ime of controversies concerning the widespread use of
VAR, laparoscopy seems to be a valid option and is less
nvasive than open AAA repair.
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The concept of laparoscopic aortic surgery, as initially envi-
sioned by Dion and Gracia in the early 1990s, was attractive:
durability of a classic aortic repair without the collateral damage of
the open operation. Against the usual storm of condemnation and
skepticism (“I do it open, it takes me 50minutes, and I make a tiny
incision anyway”), the young surgical technique was perfected,
appropriate training courses were organized, and the industry
responded with accustomed instrumentation.
The naysayers grew nervous about the need to adopt, ex-
horted by persisting uncertainty about the long-term results of the
competing method, endovascular aneurysm repair (EVAR). As we
know, the endovascular revolution instead turned unstoppable, as
devices and techniques improved consistently and all vascular
meetings turned endovascular. Laparoscopic aortic surgery, in the
mean time, was banned to the back rooms to never remotely
approach mainstream status.
Stating that, “multicenter randomized prospective studies are
not yet possible because only few centers have the [laparoscopic]
expertise to perform such a study,” the authors underscore the
problem. So why this lack of adapters? For one, the very patient
categories that could benefit from laparoscopic aortic aneurysm
repair, those with “easy” necks and iliacs, constitute the exact
target population of EVAR.
Another problem is the large number of different laparoscopic
approaches that have been described so far, four in this report
alone: transperitoneal retrorenal, transperitoneal retrocolic, retro-
peritoneoscopic, and transperitoneal direct, in addition to hand-pproach to finally surface, is usually a sign of poor maturation of a
urgical technique.
I could go on: the shallow learning curve, the poor ergonom-
cs, cost issues, and last but not least, patient safety: for most earthly
aparoscopists, a bleeding catastrophe during an aortic repair is a
ot harder to control in a closed abdomen. With the number of
enters declining, our own group has recently suspended the
obot-assisted laparoscopic aortic program mainly due to a lack of
uitable patients in the endovascular era.
Different stages of development from an idea toward an estab-
ished surgical procedure have been represented in the so-called
DEAL framework (idea–development–exploration–assessment–
ong-term study).1 Laparoscopic aortic aneurysm repair, according
o this format, has faltered somewhere in the exploration phase, as
he authors have proven only one thing: it can be done, with good
ong-term results, in their hands. For maturation into an estab-
ished technique, however, reproducibility and (randomized) as-
essment are required. Because I have witnessed Dr Coggia’s
nparalleled laparoscopic skills, I know the presented results will be
ard to match. Therefore, unless a new generation of laparoscopic
ortic surgeons arises, perhaps with the use of second- and third-
eneration surgical robots, I am afraid laparoscopic aortic surgery
s destined to remain a small chapter in vascular surgery’s history.
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